The World Health Organization (Geneva, Switzerland) and the National Heart, Lung, and Blood Institute (Bethesda, Maryland) have developed standard categories of body mass index (BMI) (calculated as weight (kg)/ height (m) 2 ) of less than 18.5 (underweight), 18.5-24.9 (normal weight), 25.0-29.9 (overweight), and 30.0 or more (obesity). Nevertheless, studies of BMI and the risk of death sometimes use nonstandard BMI categories that vary across studies. In a meta-analysis of 8 large studies that used nonstandard BMI categories and were published between 1999 and 2014 and included 5.8 million participants, hazard ratios tended to be small throughout the range of overweight and normal weight. Risks were similar between subjects of high-normal weight (BMI of approximately 23.0-24.9) and those of low overweight (BMI of approximately 25.0-27.4). In an example using national survey data, minor variations in the reference category affected hazard ratios. For example, choosing high-normal weight (BMI of 23.0-24.9) instead of standard normal weight (BMI of 18.5-24.9) as the reference category produced higher nonsignificant hazard ratios (1.05 vs. 0.97 for men and 1.06 vs. 1.02 for women) for the standard overweight category ). Use of the standard BMI groupings avoids problems of ad hoc and post hoc category selection and facilitates between-study comparisons. The ways in which BMI data are categorized and reported may shape inferences about the degree of risk for various BMI categories. body mass index; body weight; epidemiologic methods; mortality; obesity; overweight Abbreviations: BMI, body mass index; NHANES, National Health and Nutrition Examination Survey; NHLBI, National Heart, Lung and Blood Institute; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology; WHO, World Health Organization.
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Initiative used an iterative process of consultation and revision to develop recommendations on what should be included in an accurate and complete report of an observational study, taking into account empirical evidence and methodological considerations (1) . One of the recommendations of the resultant STROBE Statement is that investigators "explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen, and why." (2, p.1637) In a survey of the epidemiologic literature, however, Turner et al. (3) found that, in many cases, no explanation of the choice of exposure categories was provided. They also note that, ". . .deliberate or subconscious data dredging could lead to a choice of grouping that accentuates an association thus increasing the BMI categories. Studies sometimes incorporate the same cut points as the WHO/NHLBI categories but use finer divisions. For example, Adams et al. (6) used the cut points of 18.5, 25, and 30 but divided the normal weight category into 3 groups (BMI of 18.5-20.9, 21.0-23.4, and 23.5-24.9) and the overweight category into 3 groups (BMI of 25.0-26.4, 26.5-27.9, and 28.0-29.9). In our literature searches for published data on prospective studies of BMI and risk of death in adults (7), we found that, of the studies published since 2000 that used BMI categories, roughly half used the standard WHO/ NHLBI categories for at least part of their analyses; the remainder used a wide variety of nonstandard BMI categories.
It can be difficult to interpret, evaluate, or summarize results when nonstandard categories are used. The objective of this paper is to discuss some aspects of using nonstandard categories of BMI, particularly within the normal weight and overweight ranges, using as examples a meta-analysis of recent large studies and an example from US national survey data.
METHODS
In the course of a previous literature search (7), we identified 13 large studies (each with more than 100,000 participants) of BMI and the risk of death that had used cut points identical to or within 0.1 of the standard cut points of 18.5, 25.0, and 30.0 but had subdivided the range of overweight and normal weight into finer BMI groupings. Of these, we selected the 7 studies (8) (9) (10) (11) (12) (13) (14) that provided hazard ratios and standard errors for no more than 4 subdivisions of normal weight and 3 of overweight. We also included a recently published study (15) that met the same criteria. The selected studies include pooled studies of US cohorts (8) , European cohorts (13) , East Asian cohorts (14) , and Indian/ Bangladeshi cohorts (14) , as well as individual cohort studies from Korea (11) , Austria (12), Australia (15) , and the United States (9, 10) . Weight and height data were self-reported in 4 studies (8) (9) (10) 15) and measured in the other studies (11) (12) (13) (14) . The full samples included 5.8 million participants and more than 582,000 deaths.
Of the 13 studies we originally identified, 2 studies (16, 17) were excluded from the summary because they used large numbers of subdivisions; 1 study (18) was excluded because it did not provide hazard ratios; and 3 studies (6, 19, 20) were excluded because the same data sets had already been included in the pooled study of US cohorts (8) . The BMI groupings used in the selected studies are shown in Table 1 . We added nomenclature based on the standard NHLBI categories and described groupings as low or high overweight and as low-, mid-, or high-normal weight, although the exact BMI values in those groups were not identical across studies, and the studies did not use these terms. The selected studies all used the high-normal weight category as the reference. We extracted the adjusted hazard ratios for each grouping from the published articles. We used a random-effects model (21) to summarize the results, and we based statistically significant heterogeneity (i.e., interstudy variance) on a 2-sided P value of less than 0.05.
The selected studies used different covariates in the final models and a variety of approaches, including various combinations of deletion of early deaths and deletions or adjustments for preexisting disease. We used the final analyses presented for the entire sample when available, and also the final analyses presented for never smokers, when available. Two studies (9, 15) presented results for never smokers but not for the full sample; 1 study (10) presented results for the full sample but not separately for never smokers.
To show the potential effects of different reference categories on hazard ratios for overweight and obesity, we also used as an example the National Health and Nutrition Examination Survey (NHANES) mortality data through 2006 for NHANES I, NHANES II, and NHANES III for those under 70 years of age at examination and limited to no more than 25 years of follow-up. This was simply chosen as an example to illustrate the effects of varying the reference category when there is a modest curvilinear relationship. For this analysis, we used Cox proportional hazards models with age as the timeline and adjusted for smoking status, race/ethnic group, and alcohol consumption, as previously described (22) . The analytical data set included 32,294 participants with 9,380 deaths. We examined the effects of the following 5 different BMI reference categories: less than 25.0, 18.5-24.9, 20.0-24.9, 20.0-22.9, and 23.0-24.9. We estimated hazard ratios for overweight and obesity relative to each reference category in turn.
RESULTS

Full samples
The findings in the full samples are displayed in Table 2 for men and Table 3 for women. All studies had selected highnormal weight at the reference category, in most cases with no explanation. In all studies, underweight was associated with significantly higher risk of death relative to high-normal weight. With only a few exceptions, both low-normal weight and obesity were also associated with significantly higher risk of death relative to high-normal weight. However, both mid-normal weight and low overweight were generally not significantly different from high-normal weight, with hazard ratios varying slightly above and below 1. With 2 exceptions, the hazard ratios for low overweight were lower than the hazard ratios for mid-normal weight. High overweight was inconsistently associated with slightly higher risk of death relative to high-normal weight.
Never smokers
Of the 8 studies, 7 presented results separately for never smokers, with results as shown in Table 2 (for men) and Table 3 (for women). These results are based on considerably smaller samples including roughly 25% of the numbers of deaths in the full samples and, thus, they have reduced power to detect significant effects. As for the full samples, underweight, low-normal weight, high overweight, and obesity all tended to be associated with higher risk of death relative to high-normal weight. For both mid-normal weight and low overweight, hazard ratios relative to high-normal weight tended to vary slightly above and below 1, with point estimates for low overweight most often lower than estimates for mid-normal weight.
Summarized results
The summarized results are shown in Tables 2 and 3 separately by sex and separately for the full samples and for never smokers only. These results should be considered only approximations because the exact BMI values encompassed by these categories varied across studies. Nevertheless, some patterns are fairly consistent. Underweight was significantly associated with higher risk of death relative to high-normal weight. With 1 exception, the low-normal weight category was also significantly associated with higher risk of death relative to high-normal weight even in never smokers and even after extensive exclusions related to preexisting illness in several studies (8, 9, 14, 15) . Hazard ratios were also elevated for the high overweight category, although not to the same degree as for low-normal weight. The low-normal weight category had higher hazard ratios than the high overweight category. The mid-normal weight category and the low overweight category tended to be similar to the high-normal weight reference category. In studies that used measured weight and height data, the low overweight category did not differ significantly from the highnormal weight category either for the full samples or for the never-smoking samples. Despite the variation among studies in BMI categories, populations studied, selection factors, adjustment factors, geographical location, and other factors, there was no statistically significant heterogeneity overall for the midnormal weight category or the low overweight category.
Effects of varying reference categories in a data example from the NHANES
The effects on hazard ratios for overweight of varying the reference categories, using a data example from the NHANES, are shown in Table 4 . Hazard ratios for overweight, grade 1 obesity, and grades 2-3 obesity are displayed in Table 4 relative to the following BMI categories: less than 25.0 (underweight and normal weight), 18.5-24.9 (normal weight), 20.0-24.9 (combined mid-and high-normal weight), 20.0-22.9 (mid-normal weight), and 23.0-24.9 (high-normal weight) by sex, for the full sample. The use of a narrower and higher reference category progressively increased the point estimates. When BMI less than 25 was used as the reference category, the hazard ratios for overweight were 0.95 for men and 0.98 for women. The narrower reference category of BMI of 18.5-24.9 produced slightly higher hazard ratios of 0.97 for men and 1.02 for women. Using the high-normal category as the reference always produced the highest hazard ratios for overweight (i.e., 1.05 for men and 1.06 for women).
DISCUSSION
Many studies of BMI and risk of death use nonstandard BMI categories that differ widely from study to study. Here, we present the results from 8 large studies with a total sample size of 5.8 million that subdivided the standard NHLBI normal weight (BMI 18.5-24.9) and overweight (BMI 25.0-29.9) ranges into subgroupings that we have termed underweight, low-normal weight, mid-normal weight, high-normal weight, low overweight, and high overweight. All of these studies chose the high-normal weight category as the reference Abbreviations: CI, confidence interval; HR, hazard ratio. a Adjustment factors are as follows: for Berrington de Gonzalez at al. (8) , age, stratified by study, adjusted for alcohol, educational level, marital status, and physical activity; for Calle et al. (9) , age, educational level, physical activity, alcohol use, marital status, use of aspirin, fat consumption, vegetable consumption, and (in women) use of estrogen replacement therapy; for Jacobs at al. (10) , age, race, educational level, marital status, smoking, alcohol intake, height, and physical activity; for Jee at al. (11) , age, alcohol intake, and participation in regular physical activity; for Joshy et al. (15) , age (and excluding those who ever smoked at baseline, those with a history of cardiovascular disease at baseline, those with a history of cancer at baseline and during the first 2 years of follow-up); for Klenk et al. (12) , age and smoking; for Pischon et al. (13) , age, smoking, educational level, alcohol consumption, physical activity, and height; and for Zheng et al. (14) , age, sex, educational level, urban/rural residence, marital status, and baseline comorbidities (and excluding subjects with less than 3 years of follow-up).
b Reference category is men of high-normal weight. c Population consisted of East Asians. d Population consisted of Indians and Bangladeshis. e Statistically significant heterogeneity (P < 0.05). (8), age, stratified by study, adjusted for alcohol, educational level, marital status, and physical activity; for Calle et al. (9) , age, educational level, physical activity, alcohol use, marital status, use of aspirin, fat consumption, vegetable consumption, and (in women) use of estrogen replacement therapy; for Jacobs at al. (10) , age, race, educational level, marital status, smoking, alcohol intake, height, and physical activity; for Jee at al. (11) , age, alcohol intake, and participation in regular physical activity; for Joshy et al. (15) , age (and excluding those who ever smoked at baseline, those with a history of cardiovascular disease at baseline, those with a history of cancer at baseline and during the first 2 years of follow-up); for Klenk et al. (12) , age and smoking; for Pischon et al. (13) , age, smoking, educational level, alcohol consumption, physical activity, and height; and for Zheng et al. (14) , age, sex, educational level, urban/rural residence, marital status, and baseline comorbidities (and excluding subjects with less than 3 years of follow-up).
b Reference group is women of high-normal weight. c Population consisted of East Asians. d Population consisted of Indians and Bangladeshis. e Statistically significant heterogeneity (P < 0.05).
category with little or no explanation. Within the range of normal weight in these studies, the low-normal category was associated with the highest risk of death, and the high-normal category was associated with the lowest risk of death. In most cases, there were no statistically significant differences between low overweight and high-normal weight. The low overweight category had risks similar to the mid-normal weight category and lower risks than the low-normal weight category. The high overweight category had risks that were similar to or lower than the low-normal weight category. Underweight and obesity were associated with higher risk relative to the high-normal weight category. These results are consistent with those of other large studies that have found lower risk of death in the low overweight category than in the mid-or low-normal weight range. In the Prospective Studies Collaboration (18), all-cause mortality risk for both men and women was higher for those with BMI values of 20-22.5 than for those with BMI values of 25-27.5, and even higher for those with BMI values of 17.5-<20. A similar observation in a study of 2 million Norwegians with measured height and weight led Engelund (16) in 2003 to suggest that the "normal range" of BMI should be shifted upward because mortality rates were higher for those in the mid-and low-normal weight range than for those in the low overweight range. A large study in China that used measured height and weight (17) found a hazard ratio of 1.00 for those with BMI of 25.0-26.9 relative to a reference category of BMI of 24.0-24.9. The hazard ratios were 1.09 for those with BMI of 23.0-23.9 and 1.11 for those with BMI of 22.0-22.9, relative to those with BMI of 24.0-24.9.
None of the large studies tabulated here described a clear rationale for the choice of BMI categories. Several studies (9, 13, 14) note that combinations of these categories would correspond to the cutoff points proposed by the World Health Organization but do not give a reason why this is advantageous and do not make use of such combinations. Berrington de Gonzalez et al. (8, p . 2213) gave a rationale for their reference category on the basis of preliminary data analysis, stating that, "We defined a BMI of 22.5 to 24.9 as the referent category on the basis of a preliminary analysis indicating that this was usually the range of BMI associated with the lowest mortality."
Other studies have also reported category choices that were based on preliminary data analyses. In 2 examples (23, 24), null estimates for overweight were not published because of preliminary results that showed no higher risk of death in the overweight category. Livingston and Ko (24, p. 18) combined the normal weight and overweight categories, stating that, "Initial observation of the data revealed that minimal mortality occurred in the BMI = 24.9-29.9 category compared with the normal range of BMI = 18.5-24.9. Thus, these two categories were combined . . ." He et al. (23, p. 1126 ) dropped the overweight and obesity categories from their analyses because, "As compared with normal weight (a body-mass index of 18.5 to 24.9), overweight or obesity was not associated with increased mortality. " In 3 examples (8, 25, 26 ), a reference category was chosen on the basis of preliminary analyses showing that it would increase the hazard ratios in higher BMI categories. The examples above illustrate a type of publication bias (27) , whereby the form in which results are published is affected by preliminary analysis.
The hazard ratios for comparisons of categories within the normal and overweight ranges are often extremely small, many in the range of 0.95-1.05, which Siontis and Ioannidis (28) have described as "tiny" hazard ratios. Siontis and Ioannidis point out that when effects are this small, "Cautious interpretation is warranted, since most of these effects could be eliminated with even minimal biases and their importance is uncertain" (28, p. 1292). As discussed by Ioannidis (29) , the combination of flexible analyses and selective reporting can lead to wide variations in hazard ratios even within a single data set.
All of the selected studies used the high-normal weight category as the reference. The use of high-normal weight as the reference, rather than the mid-normal weight category, tends to produce a higher hazard ratio for the standard overweight category. We used a data example from the NHANES to illustrate the possible effects on the hazard ratio for overweight and obesity of the reference category, comparing the effects of BMI reference categories of less than 25.0, 18.5-24.9, 20.0-24.9, 20.0-22.9, and 23.0-24.9. For both men and women, the hazard ratios increased as the lower bound of the reference category increased. Among the categories studied, the hazard ratios were highest when the high-normal weight category (BMI of 23.0-24.9) was used as the reference category. Froslie et al. (30, p. 3) argue that the choice of reference BMI category can ". . . give different impressions to the reader" and obscure the interpretation, providing an example in which the hazard ratio in the highest BMI category more than doubled when a different reference category was used. Baik Beyond the issue of which category to use as the reference, effect estimates and statistical power may also vary with the cut points chosen to delineate the categories. As pointed out by Schulgen et al. (32, p. 173) , "One way of selecting a cutpoint is to use the one at which the most impressive effect of the exposure variable on the outcome is observed. This approach might be called "outcome-oriented." Careful interpretation and adjustment are required to qualify the final result obtained using this strategy." Altman et al. (33) have critiqued the statistical properties of choosing a cut point to maximize the statistical significance of an association.
If the objective is to describe the shape or find the nadir of the BMI-mortality risk relationship, categories may not be the best approach. The use of categories constrains the identification of the low point. For example, if the lowest risk is in those with BMI values of 24.0-25.9, as was found by Lin et al. (34) , a categorization using groups of 23.0-24.9 and 25.0-26.9 could not identify this category. The approach of creating categories and then selecting the category with the lowest hazard ratio by inspection, without statistical testing, is inadequate to deal with the statistical issues that arise (35, 36) . To examine the shape of the curve without imposing categories, other approaches, such as linear splines, can be used (37, 38) . Wong et al. (39) used fractional polynomials and found the nadir of the BMI-mortality risk curve in the overweight range for the average US man and in the normal weight range for the average US woman, results that were slightly different from their findings when standard BMI categories were used. Gilboa et al. (40) , studying a different outcome, found that standard BMI categories were useful but that additional modeling with splines provided more insight regarding dose-response relationships within categories.
The effects on interpretation of using self-reported rather than measured weight and height data should also be considered. In the studies considered here, in comparisons of low overweight relative to high-normal weight among never smokers, studies with self-reported weight and height data showed small but significantly higher hazard ratios in contrast to studies using measured data, which showed smaller and nonsignificant results. The same phenomenon of higher hazard ratios when self-reported weight and height are used than when measured weight is used has been observed in other studies (7, 41) and is consistent with the effects predicted from the characteristic errors of self-reported weight and height (42, 43) . Misclassification into the wrong BMI categories when self-reported weight and height data are used is often quite high. Spencer et al. (44) found that approximately 15% of those classified as overweight by self-report were actually obese; this will tend to increase the apparent risk in the overweight category. In addition, more than 25% of those classified as overweight by measured data were classified as normal weight by self-reported data. These high levels of misclassification suggest that self-reported data are unlikely to give accurate estimates of the risks associated with a specific BMI category. Attempts to correct selfreported weight and height data by the use of linear regression models do not eliminate systematic reporting errors (45) .
Several aspects of the use of nonstandard BMI categories can lead to difficulties in interpretation. Throughout the range of overweight and normal weight, hazard ratios are small and can be affected by minor variations in the choice of categories. When there is a curvilinear relation of BMI to risk of death, the use of high-normal weight rather than normal weight as the reference category produces a higher relative risk for overweight. Use of the high-normal weight reference category with the standard overweight category obscures the similarities of low overweight and high-normal weight. The use of many different sets of BMI categories makes it difficult to summarize results across studies. Choices based on preliminary inspections of the data may introduce a form of publication bias. The use of nonstandard, ad hoc categories that differ among studies increases the apparent variability in the results. As noted elsewhere (7), the use of the predefined standard BMI groupings of underweight (BMI of <18.5), normal weight (BMI of 18.5-24.9), overweight (BMI of 25.0-29.9), and obesity (BMI of ≥30.0) as defined by the WHO and the NHLBI avoids issues of ad hoc and post hoc selection of categories and can facilitate between-study comparisons. Even in studies that also present their results using finer categories, the standard BMI groupings can be used as part of the analysis. These are not mutually exclusive procedures. The way in which BMI data are categorized and reported shapes inferences about the degree of risk associated with various BMI categories.
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